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[57] ABSTRACT 

A correction circuit processes digitized signals from an 
image sensor and generates gain correction values to 
compensate for variations in the output of the sensor. 
While imaging a gain calibration object, the sensor is 
operated in a calibration mode in which a plurality of 
calibration values are generated that pertain to each 
photosite. The digitized calibration values are trans- 
formed into log space for processing by a gain level 
averaging circuit. The log calibration signals are first 
subtracted from a reference corresponding to a maxi- 
mum expected signal value. The difference signals are 
serially accumulated by means of pair of registers and 
an adder, and the sum is stored in a gain memory. In a 
subsequent normal operating mode, the summed signals 
for each photosite are retrieved from the gain memory 
and bit-shifted to form an average correction value for 
each photosite. The correction values are applied to an 
adder in synchronism with sensor signals from like 
phdtosites and added therewith in log space to provide 
gain compensation. 

5 Claims, 1 Drawing Sheet 
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METHOD AND APPARATUS FOR 
COMPENSATING FOR SENSITIVITY 
VARIATIONS IN THE OUTPUT OF A SOLID 

STATE IMAGE SENSOR 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to signal processing of image 
signals from an image sensor, and more particularly, to 10 
a method and apparatus for generating correction val- 
ues to account for variations in the sensitivity of differ- 
ent photosites on a solid state image sensor. 

2. Description Relative to the Prior Art 

Variations in photodiode dark current and sensitivity 15 
as well as light source non-uniformities can cause no- 
ticeable degradation in the quality of scanned images 
from a solid state sensor. These variations can be com- 
pensated by calibrating the system with no illumination 
upon the sensor to determine an average black level, 20 
and by calibrating the system with the sensor under full 
illumination to determine an average maximum (white) 
value. It is further well known to perform a calibration 
with regard to each sensor photosite, as shown in the 
following two examples. In U.S. Pat. No. 4,602,291, the 25 
"dark current" from the imager array (i.e., the signal 
obtained when no light strikes the array) is directed via 
an analog/digital converter to an offset memory, which 
stores the dark current charge from each photosite in 
digital form. The offset value is subsequently processed 30 
with a white level value from each photosite (i.e., the 
signal obtained when a uniform illumination strikes the 
imager) and the difference thereof is stored in a gain 
memory for each photosite. In U.S. Pat No. 4,760,464, 
a white value for each picture element is obtained by 35 
scanning a white substrate a plurality of times and stor- 
ing the data obtained for each scan, and constantly 
replacing a previous white value by a present white 
value when the present value is greater than the previ- 
ous level. Correction is then effected using the maxi- 40 
mum values. 

In the calibration mode described in U.S. Pat. No. 
4,343,021, the sensor is presented with a field of uniform 
brightness. As a particular sensor element is scanned, 
the raw video signal is applied to a multiplier and multi- 45 
plied by a correction coefficient A comparator then 
decides whether the real time, processed multiplier 
signal is greater or less than a reference signal. A regis- 
ter, which temporarily stores the correction coefficient, 
is then either incremented or decremented and the ad- 50 
justed correction coefficient value is returned to its 
memory location. The next time the image element is 
scanned, the coefficient is again drawn from memory 
and applied to both the multiplier and the indexing 
register, and the aforementioned process is repeated. 55 
After many further passes, the correction coefficient is 
altered in such a way that the processed video data 
approaches the reference signal. 

Each of the aforementioned systems have certain 
disadvantages. The first system, disclosed in the '291 60 
patent, calculates coefficients from only one scan. Such 
data may, however, contain errors caused by dust parti- 
cles or surface flaws on the reference object. The sec- 
ond reference, the '464 patent, scans a plurality of times 
but skews every adjustment toward the maximum varia- 65 
tion observed, in effect tending to clamp to the largest 
noise signal. The latter reference, the *021 patent, 
achieves a convergence toward a reference value but at 
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the expense of a relatively complex system involving 
multipliers and comparators. 

SUMMARY OF THE INVENTION 

Unlike the approaches taken by the prior art, we have 
found certain advantages in doing as much of the cali- 
bration as possible in a logarithmically-quantized signal 
space. For one thing, a multiplication step becomes a 
simple addition. This is of more than passing signifi- 
cance when it is realized that such circuits are desirably 
implemented in a digital integrated circuit, where multi- 
pliers are large and, compared to adders, consume a 
large area on the chip. Moreover, any chip-saving sim- 
plification reduces cost and encourages ordinarily com- 
plex features like element-by-clement correction. 

As a result, a correction circuit implemented accord- 
ing to the invention provides compensation for illumi- 
nation and sensitivity variations appearing in image 
values on an element-by-element basis. That is, a plural- 
ity of sample values are generated from each photosite 
while the image sensor images an object of uniform 
transmittance (or reflectance). The calibration values 
are then converted to logarithmic calibration signals. A 
logarithmic correction value is generated for each 
photosite from the plurality of logarithmically-quan- 
tized calibration signals corresponding to each photo- 
site. The correction values are then stored and, when 
the image sensor is scanning a normal object, the resul- 
tant image values arc altered by applying the stored 
correction values to the scanned image values. Each 
correction value therefore pertains to the photosite 
producing the image value. In a specific embodiment of 
the invention, the correction values are based upon an 
average of the plurality of logarithmic calibration sig- 
nals corresponding to each photosite and each alter- 
ation is completed by adding the log correction value to 
the log image value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
drawing, which shows a block diagram of a video cor- 
rection circuit according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A generic electronic imaging system is shown in part 
in the FIGURE to illustrate a typical application of the 
invention, but it will be readily understood that the 
present invention can be employed with any type of 
photoelectronic scanning system that exhibits sensitiv- 
ity variations due to such factors as photosite variability 
or light source non-uniformity. The latter is a particular 
problem where the system itself provides illumination 
for scanning an object, such as provided by a linear 
scanner for illuminating a film transparency. Further- 
more, the present description will be directed in particu- 
lar only to elements forming part of, or cooperating 
more directly with, the present invention. Elements of 
the scanning system not specifically shown or described 
herein may be selected from those known in the an. 

The electronic imaging system shown in the FIG- 
URE includes a charge-coupled device (CCD) image 
sensor 10 driven by clock signals from a timing and 
control logic section 12. The output of the image sensor 
is a sequence of light values bearing the aforementioned 
variations due to imager sensitivity variations and/or 
light source non-uniformity. The light values are digi- 
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tized by an analog-to-digital converter 14 and applied to correction register 40. The summed result is latched 

a black level correction circuit 16. The circuit 16 in- into a sum register 42. . 

eludes a conventional black reference generator and a The reference value is selected by the multiplexer 34 
conventional black reference clamp, which are used to from either a reference decimal value of 1023 or a pro- 
establish a stable sensor black reference value for the 5 grammable value "GAINREF* supplied by an external 
entire image. The black reference is an average thermal processor (not shown). The ordinary, and default, refer- 
dark current noise correction offset value for the sensor, ence value is 1023 (which relates to a 10 bit input to the 
which, unless removed from the signals, will corrupt all subtractor 32 from the look up table 18). By choosing 
subsequent adjustments and corrections. The black ref- the reference value to be 1023, the value stored in the 
erence circuit 16 is initially enabled by the timing and 10 difference register 36 will always be positive, so the 
control logic section 12 to collect a sample of dark subsequent "running average" value will always be a 
current signal values and to calculate the average black positive value. With the present embodiment, if the 
reference therefrom. As the light values are subse- programmable reference "GAINREF* is selected, the 
quently processed, the average black reference value is uscr must cnsure that Ievcls fr°m the sensor 
subtracted from each light value in the circuit 16. 15 do not exc *«* ^ reference value, since the gain aver- 
The output of the black level correction circuit 16 is circuit 2 } * specifically designed to add only 
transformed into a logarithmically quantized space by a P° s,tlve reference values (It should be understood, 
linear-to-log ROM look up table 18. The logarithmic however that the circuit could be modified in known' 
signals are then applied to a gain correction circuit 20. wavs T *? handle negative values as well as positive val- 
Gain correction operates in two modes: a calibration 20 ues - LUtcw,se value ^ relates o^ectly to tie 
mode and a normal mode. The image sensor 10 is ac- J* « of will be different for dif- 
cordingly driven to provide either a sequence of cali- blt m P uts > , J . . 
bration values (during the calibration mode) while the ™ e <*™#*™ «W 24 interfaces with the 
photosites are subjecf to uniform Ulumination or a se- „ c0 /™ W« <° and the sum register 42, writing 
quence of image values (during the normal mode) while 25 mt ° * c c °"£ t,on rc » ster f " m *** T 
the photosites are subject to object Ulumination. The Itff^l^ ?JF* * ^ 

gain control circuit 20 is operated by a "mode select" lo * c scc ? on . " s ° * at the P r0 P« ruiuun « 

Sam wuuvi wuwiui *v u^avwy a wuut awtwi correction value is loaded mto the correction reg ister 40 

signal from the tuning and control logic section 12 to ftt ^ ^ ^ ^ from 

accordingly process the pixel values. The gain correc- 3Q ^ $um re ^ stef ^ js written the same mcm . 

tion values for the photosites are first computed in a location b ^ ^ corrcction m ^ In ^ 

gain level averaging circuit 22 and stored in a gain the new sum va]ue ovcrwritcs the revious 

correction memory 24 m the calibration mode. In the . truimm sum „ va]uc for thc particular photositc . Qnce 

normal mode, the gam correction values are read from ^ correction values for each sensor photosite from 256 

the gain correctwn memory 24 and added to the image 35 calibration-mode repetitions have been summed, the 

value m a correction adder 26. The corrected image out ut of the corrcctioil Tt £ sXet « wiU equa j the 

values are processed by the clipping circuit 28 and r gain c^^on sums, and the gain calibration 

latched into the output register 30. Since the addition by mode is complete. 

the adder 26 is being performed in log space, the image In ^ normal modc of opcra tion, the gain calibration 
values are being scaled in a multiplication-type opera- 40 ob j ect u js rem0 ved from the light path and the normal 
tl0n * object to be scanned is inserted into the light path. The 
During the calibration mode, the average of the ratio gain corrections stored in the gain correction memory 
of the maximum expected signal value to the sensor 24 for each photosite in the image sensor 10 are ac 
output under full illumination is calculated. The correc- cessed & eacn corresponding image value is applied to 
tion values are computed in the gain correction circuit 45 ^ correction adder 26. Accordingly, a unique gain 
20 by averaging a plurality of values from each photo- correction for each photosite is used to alter (by adding 
site on the sensor 10 with the sensor iUurainated by a to( or , in i mcar spacC| multiplying with) the image value 
light source 32 through a defocused "Drain- filter 34, developed for that photosite. In the preferred practice 
that is, a filter having a density corresponding to the Q f the invention, the gain adder 38 combines a 10 bit 
niinimum density of a nominal transparency material, 50 difference value from the difference register 36 with a 
which serves as a gain calibration object. (Alterna- 16 bit "running sum" value from the correction register 
tively, the gain calibration object could be a clear "open 40, providing a 16 bit sum to the sum register 42. Conse- 
gate" opening to the iUumination source, or could be a quently, the 8 most significant bits (MSBs) of the "run- 
uniform substrate when scanning reflection materials.) ning sum" values represents, after 256 adds, the proper 
More particularly, 256 values from each photosite are 55 gain correction value, that is, the average of 256 adds, 
averaged. The averaging is completed in two stages. In the normal mode of operation, only the 8 MSBs need 
First, each logarithmic signal from the log look-up table to be applied from the memory 24. The averaging is 
18 is applied to a subtractor 32 to obtain the log differ- obtained by the bit shift circuitry 44, which represents 
ence (i.e., the ratio in linear space) with a log reference the appropriate hard-wiring between the correction 
value provided by a multiplexer 34. The subtracted 60 register 40 and the adder 26 to accomplish an 8 bit shift, 
value, which is latched into a difference register 36, In the preferred embodiment, thc correction signals 
represents the difference between the "desired" log are limited to a maximum value of \ of the full range 
space gain calibration signal level and the actual log density signal, which corresponds to 0.75 density units, 
space gain calibration signal level or, in linear space, the This is because an 8 bit correction value is combined 
ratio of these two quantities. In the second stage of the 65 with a 10 bit image value in the correction adder 26, and 
averaging process, the difference value in the difference correction values greater than \ of the full range image 
register 36 is applied to the adder 38 which sums the value will overflow the gain averaging circuit 22. More- 
difference value with a "running sum" value from a over, the log calibration values input during the calibra- 
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tion mode must not differ from the value provided by 
the multiplexer 34 by more than 256 code values. Obvi- 
ously! these limitations are not aspects of the invention, 
but of the particular circuit used to implement the in- 
vention. 

The invention has been described in detail with par- 
ticular reference to a presently preferred embodiment, 
but it will be understood that variations and modifica- 
tions can be effected within the spirit and scope of the 
invention. 

What is claimed is: 

1. A correction circuit for generating correction val- 
ues to compensate for variations appearing in image 
values derived from an image sensor having a plurality 
of discrete photosites, said sensor operable in a calibra- 
tion mode to produce a plurality of calibration values 
from each photosite while the sensor images a gain 
calibration object, said circuit comprising; 

means for converting the calibration values to loga- 
rithmic calibration signals; 

means for subtracting each log calibration signal from 
a reference value corresponding to a maximum 

. expected signal value to generate positive log cali- 
bration signals; 

means for generating a logarithmic correction value 25 
for each photosite from the average of ihe plurality 
of positive logarithmic calibration signals corre- 
sponding to each photosite; 

means for storing said logarithmic correction values; 
and 

means for applying said stored correction values to 
the alteration of the image values whereby each 
correction value pertains to the photosite produc- 
ing the image value. 

2. A correction circuit for generating correction val- 
ues to compensate for variations appearing in image 
values derived from an illuminated image sensor having 
a plurality of discrete photosites, said sensor operable in 
a calibration mode to produce a plurality of calibration 
values from each photosite while the sensor images a 40 
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gain calibration object and operable in a normal mode 
to produce image values from the photosites while the 
sensor is subject to object illumination, said circuit com- 
prising: 

means for converting the calibration values and the 
image values to logarithmic calibration signals and 
logarithmic image signals, respectively; *means for 
generating a running sum of the logarithmic cali- 
bration signals corresponding to each photosite; 

means for generating a logarithmic correction value 
for each photosite from the running sum of all of 
the logarithmic calibration signals corresponding 
to each photosite; 

a gain correction memory operable in the calibration 
mode for storing the running sum of the logarith- 
mic calibration signals corresponding to each 
photosite and in the normal mode for storing the 
logarithmic correction value for each photosite; 

means operable in log space for altering the logarith- 
mic image signals; and 

means for applying said stored, correction values to 
said altering means whereby each correction value 
pertains to the photosite producing the image 
value. 

3. A circuit as claimed in claim 2 wherein said correc- 
tion value generating means bases the correction value 
upon an average of the running sum of all the logarith- 
mic calibration signals corresponding to each photosite, 
generating therefrom an average correction value. 

4. A circuit as claimed in claim 3 wherein said alter- 
ing means adds the average correction value to each 
image value. 

5. A circuit as claimed in claim 2 wherein said correc- 
tion value generating means includes means for sub- 
tracting each log calibration signal from a reference 
value corresponding to a maximum expected signal 
value and means for generating said running sum from 
the resultant signals. 
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